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2000 1990 1980 1970 1960
0.605 0.642 0.711 0.765 0.739
0.491 0.491 0.526 0.578 0.590
0.582 0.656 0.711 0.777 0.755
0.626 0.670 0.750 0.811 0.779
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Technology

Population Other
growth factors
' '
Fixed Frontier
resources resources
Cropland Urban Forest Range Forest Range Cropland
Farmsize Overcrowding Fuel wood Overgrazing (t:)?:ﬁglszla;:%n
falls occurs declines occurs degradation
Agr. producti- Prices Land conflicts
vity falls may rise occurs
» Poverty |« Other
factors
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50 10 20 9 9 2
1,037 624 122 67 111 113
343 21 83 135 81 23
1,355 614 188 234 221 98
497 64 37 141 172 83
19,078 5,598 6,749 3,022 3,324 384
170 32 41 39 37 21
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O mm — water deficit

—

— water deficit —— 800 mm

Subhumid

)

Semi-arid

THE ARAB MASHREK
Syna
Jordan
Iraq
Lebanon

o
%%I

N

GENERAL CHARACTERISTICS

enough water
usually enough land

seasonality (warm/cold)
drought

low yiekls per unit area
dispersed populations
control of land

(traditionally by cavalry)

TRADITIONA

fluctuations—vanability
runs of good and bad years
extreme seasonality

raiding

enough land
never enough water

extreme aridily

floods

low yields per person
concentrated population

control of water
(fortified towns)

L DEVELOPMENT ey words: kismet, tradition)

rainfall agriculiure

transhumance
{conversent up and down
mtns)

dry farming/nomadism

village/fent symbiosis

hydraulic works

ganats/wind towers, eic.

MODERN DEVELOPMENT (key words: productivity, balance of payments)

mechanize

traciors, new seed,
mo noculture

settle the nomads/get rid of goats

enclosure, policing, reforestation

make the desert bloom

deep drilling’ big dams
wholesale irrigation
desalination,

air conditioning
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ENERGY

AIR

WATER

AMENITIES

THE ENVIRONMENT

Firms
(Production)

Households
(Consumption)

RAW
MATERIALS

45




46



) (

47




| Natural resources |

n-renewable |

[No
| | «0il
ecoal
Unconditionally Conditionally eminerals
renewable renewable
Non-biological Non-biological Simple biological Complex
flow resources cycling resources resources resources
*solar energy water emammals *soil
«tidal energy snitrate +fish secosystems
- ecrops
wind energy «CO,
0,
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brown planthopper
wolf-

spiders
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RESOURCES

Human

Man-made —

INTERNATIONAL
AND NATIONAL
POLICIES

l

Farmer and
community
decision-making

— AGRICULTURE —

Natural

PRODUCTS _|
Food and fiber

NATIONAL

>

ECONOMY

|, INDIVIDUAL
LIVELIHOOD
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World
Coulntry
Reglion
Watelrshed
Villlage
Hous:ehold

Livelihood system
|

[ T
Gathering Handicraft

|
Off-farm

Farming system Trading
& hunting  manifacture | | employment
Livestock system Cropping system
Padtllock Fielzld
Helzrd Crlop

|
Animal environment

|
Plant environment
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) X

"%

World with income X

NR Economics Natural assets

Technology
Capital
Labor
Human
Utility and

Consumption
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) x

World with income 10X

Human
Utility and
Consumption

Natural
assets
Technology
Capital
Labor

Pollution

Environmental Economics
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Price (P)

<
N

4

12345670

Quantity (Q)

P,
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P,
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Q

*
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P, Py
Py

.CS = 0.5-P"A-P,P" :

TC

TC(10)

TC(9)

TC(8)
TC(7)

TC(6)
TC(5)

o) W, [

TCQ)—*
TC(1)/'12345678910Q

. TC(o) TC(1)
.TC(1) TC(2)

TC(9) TC(10)
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MC

P*= MC(8)

Missed profits if
producing only 7
units

Lost profits if
producing 9

units

e
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MC,

MC,
MC;=MC,+MC,

Ql Q2 QT Q

Supply = MC :

< = Cost of
goods sold
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Consumer surplus

Producer surplus

Cost of
goods sold

:P=MC
: WTP =MC

: MB =MC
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%
A Q +1
P
S=MC
Consumer surplus
A
P’ i
Producer surplus
D=MB
Cost of
goods sold
Q" Q'+l Q
(1-Q)
(

_13
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. MC = MR

92



() . i

93



94




(c+Db)

*

P
(Q:<Q)

(atb)

s (c—a)
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Qs

TSMC
Demand
C PMC
D
SMC

E

/

B
Qs Q Q

- (P, Q) (Ps, Qs)

(PS:QS)
C+D+E
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A+B
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WTP

WTP"

Marginal
benefits

E* Quantity of
enironmental
improvement

WTP

Marginal
costs

WTP”

E* Quantity of
enironmental
improvement
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(WTP7,

.A+B+C

E")
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WTP
Marginal
costs
A
WTP" .
Marginal
benefits
B
C
E” Quantity of
enironmental
improvement
.TB — TC=NSB
. TB-TC
. MC = MB
. A+B=A+B+C-C =NSB
E*
. E
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MB MD
MC MC
MD(Q) MC(A)

WTP*
MC(Q) MB(A)
A A* =Amax
Qu¥ Q Q

104




- Qmax
. MD(Qmax)

MB =MC

MD =MC

MD (Q)

MD = 3Q

MC(Q)
MC =45-3Q

[TD(Q) + TC)Q)]

MD = MC
3Q=45-3Q

3Q +3Q=45
6Q = 45
Q=75
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MB(A)
MB =45 - 3A
: MC(A)
MC =3A

45 -3A=3A
6A =45
A=175
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. XMAX
. (Xo) XMIN

. AC XMIN
AC XMIN
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) dX/dt

( AC
( - B
Stock (X)
XMAX
B
A
XMIN
C
X,
0 Time
dX/dt
MSY
_ — > | —
X
0 Xusy Xmax X
. MSY
MSY
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. MSY

H1 El

Xl XMAX X

. H, = dX,/dt -
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Es, E3, E4
E;

(H, H,
E;

H, Hj;

H,
. H;
E4
|
E
| Emax

E,

. Xo
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3\

H,—

H—"

H—

E2 E3 E4 EMAX E
XMAX Xo
( ) -
E; (
P H
. TR=P*H
TC=W*E \W%
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TR

Eoa

Eoa)

TR
TC
HPROF TR
TC
HOA
EO EPROF EOA EMAX
Epror
Epror
Epror
TC TR
TR TC (
Eoa
. Emax Eoa

TC

_20
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. Eoa  Epror

Eoa > Eumsy > Epror
Hwmsy > Hrror > Hoa

Xpror > Xumsy > Xoa

21
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MD(Q)

) MEC

Q

(MNPB)
. MC(A)
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QMAX

< OABD . OCD

OCD

OABD
OCD

.OABD
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FHIQwmax

FGQmax

QMAX
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) Sz

) Si

i

(Si1,S,) Fi

27
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F,

Fy

. F(1.1)

Fi(2,-1) > Fy(1,1) > Fy(0,0) > Fi(-1,2) :

F.(-1,2) > F.(1,1) > F»2(0,0) > F.(2,-1) :

Fi(1, 1_
. Fi(1.1)

Fi(1.1)

28
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A
A
F,
B A
('la'l) ( 5 ) A F1
2.1 (-1,-1) B
B
F, )
F2 F1 . ( F2 A F2
B 1,2 A .
. (2,1)
( )

F.(2,1) > F:(1,2) > Fi(-1,-1) :

_2
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%

F.(1,2) > F.(2,1) > Fao(-1,-1) :

_30
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%

. %

_31
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.t

(
t*
. (MNPB - t) MNPB
. Q
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- . MEC

- MEC

Costs
Benefits

. MNPB MEC

_34

35

130



MAC

S1S2 = 8,83

Si

. (MAC,

Sy

t)
. (MAC,

. 0S;

Sy

3S,

MAC;, MAC,, MAC;

MAC
. Sl+82+83:382
A
.35,
St
.Y B

Si

S,
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Costs MAC
A
Tax 2 MAC,
MAC,
¢ X /B Y
/ )
(@) S, S, S, Abatement
. 3S,
MAC
TACst = OAS2 + OB82 + OCSQZ
TACtax = OXSl + OBSQ + OYSS =
cTAXy  TACux
TACst - TACtax = S1XAS2 - SQCYSS
SzCYS3 81XASZ
TACst > TACax
n n . ( - )
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MEC

133



_36

_37

134



Costs
Benefits

S MEC

MNPB
(2)'F QB Qmax
- P
Qst Qst
Q .Q
MEC MNPB
P
Qs . Qs
Qs
- Qs

. P’

38
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. MEC
. MEC

MNPB

%

(MEC) (MNPB)

MNPB
MNPB

MNPB

Qst

MEC
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MEC
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Permit
price,
Costs

P,
0 T Q Q
MAC . -
MNPB
. Op" 0Q’
S’ 0Q"
MAC
0Qi Py
Qi ( ) Qi Q2
MAC
. MEC - -
MAC MAC
MAC
MAC
0Q,
P 0Q,
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()

Permit
price,
Costs

Pollution
permits

ok

39
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Permit
price, S*
Costs Reduced Gov’t supply, ',
nvironmental reserve  : Increased
gheyps purchase <= inw==) Gov’tsupply
of permits
P**
P*
0 Q* Pollution
permits
*
S
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(  )OECD ( ) UNIDO
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(@

ﬂLtan”n

(adp-fac)
(acp-pec)
( ad- ac)p - (ﬂd‘ﬂc)c

Pac
pecC

(n)

aap

acp

®

.ﬁﬂt:L“wn

(1)

_40
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c(x)

Costs,
Revenues TSMC
Revenues TR
PMC
Financial SMC=EC
Analysis
Economic
Analysis
Qs Q° Q
41
y=fx)  m=pflx]-clx] -
- (L )
f(x) . YF=fx®)
(y* X%
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- (

OECD

UNIDO

.(  OECD
UNIDO

_42

UNIDO
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)t

Tos Ty seees TTpsee

Rt=2jR¢=(ptjay)
Rs

t

)
)
)
T,
TEFZJ'(RU'-CU)
Rp
C=2iCej=(Pyqy)  (
Ss Cp
ql
J (
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NPV =1, +

T
1+1

—+

—~

T,

1+i)

+...

1/(1+)!
( )

44

_45
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(Ct7 Rt7 Tft)

DV, =V, /(1+i)

Vi

_46

152



0.10 = -

A B

Cy R; T DC; DR; Dr; C R; T DC; DR; Dm;

0 1,000 0 - 1,000 0 - 600 0 - 600 0 -
1,000 1,000 600 600
1 385 858 473 350 780 430 242 572 | 330 | 220 520 | 300
2 363 823 460 300 680 380 230 545 | 315 | 190 450 | 260
3 346 785 439 260 590 330 213 519 | 306 | 160 390 | 230
4 337 747 410 230 510 280 205 | 498 | 203 | 140 340 | 200
5 322 725 403 200 450 250 193 483 | 290 | 120 300 | 180
2,753 | 3,038 | 1,185 | 2,340 | 3,010 | 670 | 1,683 | 2,617 | 933 | 1,430 | 2,000 | 570

. NPV =670>NPVp=570 A

B/C

SR /(1+i)

B/C ="

;}Ct/(l-iri)t

B/Cn1
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.B/Cp=1.29<B/Cp=1.40 : B
A
) A
) -
(

B/C NPV
i C=%5DC; B=X.DB; NPV B/C
0.05 2,524 3,424 900 1.36
0.10 2,340 3,010 670 1.29
0.15 2,189 2,672 482 1.22
0.20 2,065 2,302 327 1.16
0.25 1,961 2,158 197 1.10
0.30 1,873 1,961 88 1.05
0.35 1,798 1,793 -6 1.00
0.40 1,734 1,648 -86 0.95
0.45 1,678 1,523 -155 0.91

- ( )

0<1<19.86% B A
A
)

IRR=r: NPV = Zn:

t=0

(1+r)

SR /(1+1)

(Rt _CI):O B/C= I;O

;;Ct/(lJrr)t

=1

(B

1>19.86%
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IRRs=34.65%

LA

IRR>SRD
. IRRz=43.80%

Costs
Benefits

3,000

2,000

1,000 NPV

0.05 0.10 0.15

0.20 0.25 0.30 0.35 0.40 0.45

rate of discount (i)

B/C

_47
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NPV

B/C

IRR
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0.5-0.9&

US$

US$

DAl
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_sl

162



WTP

WTP*

Marginal
benefits

E* Quantity of
enironmental
improvement
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) ( )
(E[S]): OV=0Op- (

) - E[S]

53
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(€))

(2)

(3)

(4)

4)

e(p,q,U°)

X
F(
min € = pX
st. U=f(z)=U"’
z=g(x.q|T)
X P
T
. q q
Z:: :—eq(p,q,UO)z—h‘l(p,q,Uo).

) -q°

1

Vi =—[ e p.au”) da,

q

V;=CS=e(p,q’,U%)-e(p,q',u’),

TEV = j. J‘OOOVi (tye " dt.
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z=g(0,q|T)
q

Vot)

z=g(x,q|T)

zg(x,q/T)

U=1(z)

: V(o)

) (

_54
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(BD-CD-BP)>O:

(Bb-Cp-Bp)<o:

By Cob
Bp
( / -
- )
« ) -

Bp
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PP = f{PROP, NHOOD, ACCESS, ENV)

( ) OF

In(PP) = a.In(PROP) + b-In(NHOOD) + ¢ In(ACCESS) + d-In(ENV)

In(.)

d .a,b,c,d:

172



Property
price
PV
Slope of PP’
P
Environmental
quality
. Eo
. Eo
PP/,
WTP
C
A
WTP (demand curve)
WTP, Xo
Slope of PP’
X, B
F
D
E, E, Environmental
quality
Eo, Eo

. AB
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AB

. CD
Eo

AB

WTP,

. Xo

CD

. E Eo

. XoX,FG
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Sulphation (a) 1960

Particulates (b) 1963
, Particulates and (a) 1964-67
sulphation (b) 1964 67

' Particulates (a) 1970
Oxidants (b) 1967-68

, Sulphation (a) 1961
(b) 1961-67

' Sulphation (a) 1960

Particulates (b) 1969

, Dustfall and (a) 1970

sulphation (b) 1969
, Particulates and (a) 1977-78
oxidants (b) 1977-78

OECD - -
%
. % ,
% 1 T
- % ) - )

— TCM)
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Ko

TGC;

D:

TC,
TC.

()

Ko>K; TC>TC,

(TCi+P)=TC,
. Ko

_59

_60
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Travel
costs
TC,
TC, \
TC,
D
K, K,+—— K, Attendance
rates
(2) X(P)=3 AT (TC; +P.w, )
x(P)
p*
(3) ,Zij A, J. fi(TCij +P,w, )dP AW=
0
Ji (TCy+P",wijj)=0, V i;j P*
( )
( )

177
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$ x
( ) (
Travel
costs
TC,
N
TC,
D
K, K, «—— K, Attendance
rates
( )
( )
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(- )

Pr{response is "yes"} =1-G.(A)=1- G(M)
o

Ge(.) C A
.1/(1+e™) d(x)
) x$
( )
x$
x$ <

180



Probability of

being WTP
1.0
E[WTP]
0
() ) $x
0.8 40 50 1.00
0.5 20 40 5.00
0.4 8 20 10.00
0.3 3 10 15.00
0.2 1 5 25.00
( )
) .
( (
n n _62
_63
- (
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